IMPORTANCE Transthoracic echocardiography (TTE) accounts for almost half of all cardiac imaging services and is a widely available and versatile tool. Appropriate use criteria (AUC) for echocardiography were developed to improve patient care and health outcomes. Prior studies have shown that most TTEs are appropriate by AUC. However, the associations among TTE, AUC, and their clinical impact have not been well explored.
CONCLUSIONS AND RELEVANCE Although 9 in 10 TTEs were appropriate by 2011 AUC, fewer than 1 in 3 TTEs resulted in an active change in care, nearly half resulted in continuation of current care, and slightly more than 1 in 5 resulted in no change in care. The low rate of active change in care (31.8%) among TTEs mostly classified as appropriate (91.8%) highlights the need for a better method to optimize TTE utilization to use limited health care resources efficiently while providing high-quality care.
T he widespread availability, negligible risk, and versatility of transthoracic echocardiography (TTE) make it a powerful and appealing diagnostic tool. However, these same characteristics may encourage overuse. In fact, the use of TTE has doubled during the past decade, 1 constituting approximately half of all cardiac imaging services among Medicare beneficiaries. 2 Transthoracic echocardiography accounted for 11% and more than $1.1 billion of total Medicare diagnostic imaging spending in 2010. 3 Moreover, more than half of Medicare beneficiaries who undergo a TTE will have a second TTE within 3 years. 4 To respond to the dramatic increase in the use of diagnostic imaging during the past decade, the American College of Cardiology Foundation collaborated with the American Society of Echocardiography and other imaging subspecialty societies to develop appropriate use criteria (AUC) for TTE. 5, 6 The AUC were initially published in 2007 and later updated in 2011 to "respond to the need for the rational use of imaging services in the delivery of high-quality care" and potentially "impact physician decision making," with an ultimate objective to "improve patient care and health outcomes." 6(p231) Most TTEs performed in a wide variety of clinical settings have been judged appropriate based on AUC. [7] [8] [9] [10] Less is known, however, about the clinical impact of TTE and its relationship with appropriateness. To further elucidate this important issue, we examined the proportion of TTEs that affect clinical care in an academic medical center overall and in subgroups of TTEs defined as appropriate and inappropriate by AUC.
Methods

Study Population
All TTEs ordered from April 1 through April 30, 2011, at The University of Texas Southwestern Medical Center were retrospectively reviewed in regard to clinical impact and appropriateness. A TTE was excluded from review if it was not performed. A TTE was excluded from analysis if (1) no clinical data were available to assign an AUC or the clinical impact or (2) the TTE was performed after cardiac transplant or implantation of a left ventricular assist device ( Figure 1 ). This study was approved by The University of Texas Southwestern Medical Center institutional review board, and a waiver of informed consent was obtained.
AUC Adjudication
Two independent general cardiologists (A.L.P. and A.dL.) reviewed all information in the electronic medical record (EMR) dated before the TTE was performed and classified each TTE according to the 2011 AUC. 6 These reviewers were blinded to the results of the TTE and to the clinical course subsequent to the performance of TTE. The AUC were then classified as appropriate, inappropriate, or uncertain as defined by the 2011 AUC. 6 A median score of 7 to 9 indicates that an AUC is appropriate (generally acceptable and reasonable to perform); a median score of 4 to 6, an AUC is uncertain (may be generally acceptable and reasonable to perform or significant disagreement ensued in scoring of the indication); and a median score of 1 to 3, an AUC is inappropriate (not generally acceptable or reasonable to perform) based on the available evidence. 11 Disagreements in TTE AUC classification were resolved by consensus. Cases in which consensus could not be reached underwent definitive adjudication by a third cardiologist (S.R.D.) blinded as above.
Adjudication of Clinical Impact
Two noninvasive cardiologists (S.A.M. and A.R.) blinded to AUC classification independently assessed the clinical impact of each TTE through retrospective review of the complete EMR. Clinical impact was empirically defined a priori in one of the following 3 mutually exclusive categories: (1) active change in care, (2) continuation of current care, or (3) no change in care 
Statistical Analysis
Agreement between reviewers in appropriateness grading and clinical impact assignment after attempted consensus was assessed with weighted κ analysis. The proportions of each of the 3 clinical impact categories were calculated for the overall cohort and by AUC grade. Differences in frequency distributions were statistically compared using the χ 2 test, and differences in continuous variables were compared using analysis of variance. All reported P values are 2-tailed, with P < .05 considered statistically significant. All statistical analyses were performed with commercially available software (SAS, version 9.2; SAS Institute Inc).
Results
A total of 617 TTEs were reviewed and 535 were included in this study ( Figure 1 ). The study population was 58.7% female, 55.3% white, 21.1% African American, and 8.2% Hispanic, with a mean (SD) age of 58 (17) years. Inpatient TTEs con- 
Appropriateness
Based on 2011 AUC, 91.8% of TTEs were classified as appropriate, 4.3% as inappropriate, and 3.9% as uncertain. Age, sex, specialty of the ordering provider, and TTE indication were similar between appropriate and inappropriate TTEs ( Table 2) . Slightly fewer outpatient compared with inpatient TTEs were appropriate (86.5% vs 95.7% [P < .001]), although most outpatient and inpatient TTEs were appropriate. The 10 most frequent AUCs, all classified as appropriate, accounted for 66.5% of TTEs resulting in an active change in care, 69.3% of TTEs resulting in no change in care, and 66.5% of TTES resulting in continuation of care ( Table 3) . Clinical impact varied among these appropriate AUCs, with some AUCs being associated with active change more than 50% of the time (AUC 18 and 52), whereas others were associated with active change less than 25% of the time (AUC 1, 34, and 91). Of the 10 AUC most frequently associated with no change in care (72.8% of all TTEs resulting in no change in care), 9 were classified as appropriate and 1 was classified as uncertain (data not shown).
Clinical Impact
In the overall cohort, 31.8% of TTEs resulted in an active change in care, 46.9% led to continuation of current care, and 21.3% led to no change ( Figure 2 ). Of the TTEs that led to continuation of current care, 43.0% included documented communication to the patient or physician about the results of the TTE. In an exploratory analysis of the relative impact of active change, only 18.9% of all TTEs were classified as 5 (very useful) or 4 (useful) and 6.0% were classified as 2 (not useful) or 1 (misused) in affecting patient care (Supplement [eTable]). Factors associated with no change compared with active change included older patients (P = .003) and an inpatient study setting (P < .001) ( Table 2 ). Cardiology as the ordering specialty was associated with a lower proportion of studies resulting in no change in care (12.6%) compared with pulmonary/critical care and surgery (39.0% [P < .001] and 31.5% [P = .004], respectively). We detected no statistically significant difference between appropriate and inappropriate TTEs that led to active change in care (32.2% vs 21.7% [P = .29]) ( Figure 2 ). The most common active changes were further diagnostic testing (29.4%) or subspecialty consultation (25.9%) ( Table 4 ). In patients with a prior TTE (n = 226), 37.2% resulted in an active change in care, 40.7% resulted in continuation of care, and 22.1% resulted in no change. Similarly, in first-time TTEs (n = 309), 27.8% resulted in an active change in care, 51.5% resulted in continuation of care, and 20.7% resulted in no change. Among appropriate TTEs, we found no difference in active change resulting among TTEs rated 7, 8, or 9 by AUC (active change in 40.0%, 32.0%, and 32.0% [P = .79 for trend]).
Discussion
Although most TTEs (91.8%) were appropriate by AUC, less than one-third of TTEs performed at a US academic medical center The AUC were developed in part to create more uniform TTE practice patterns. Our AUC grades of 91.8% appropriate, 4.3% inappropriate, and 3.9% uncertain are similar to those reported from other institutions and in a variety of clinical settings. In a US study of 384 inpatient and outpatient TTEs at a tertiary care academic medical center in New York, 92% were appropriate, 2% were inappropriate, 0.5% were uncertain, and 5.5% could not be classified 8 ; in an Italian study of 931 inpatient TTE referrals, 80% were appropriate,15% were inappropriate, and 5% were uncertain. 10 In a US study of 1080 inpatient TTEs in a regional community hospital, 97% were appropriate, 2% were inappropriate, and less than 1% were uncertain. 7 In the largest study to date, performed in 1820 inpatients and outpatients from a single US Midwest academic center, 82% of TTEs were appropriate, 12% were inappropriate, 5% were uncertain, and 0.4% were unclassifiable.
9
If AUC had an effect on physician decision making, the rates of appropriate TTEs should increase and those of inappropriate TTEs should decrease after the publication of AUC. To the contrary, data from a major US academic medical center demonstrated no change in the proportion of TTEs classified as appropriate before AUC publication in 2000 and after AUC publication in 2007 (87% vs 85% [P = .58]). 12 During this same time period, however, TTE volume increased by 85%. 12 Similarly, inappropriate AUCs should be associated with a lower prevalence of an active change in care and a higher prevalence of no change than appropriate TTEs; however in our study, we found no difference in the prevalence of an active change or no change in care for appropriate vs inappropriate TTEs (Figure 2 ). These data suggest that AUC for TTE have not fulfilled one of its anticipated results, to have "a significant impact on physician decision-making," 5(p188) and they did not curb the growth of TTE use since publication.
12
The intrinsic physical risks of TTE are negligible, and any incremental information can be seen as a benefit; therefore, the bar for accepting a TTE as appropriate would be very low unless clinical impact is also considered. Acknowledging this, the AUC working group stated that the definition of an imaging test's appropriateness must include an explicit understanding of how the test results might lead to care that could improve the patient's chances for survival or improved health status. 11 However, no large studies of the association between AUC and clinical impact of TTEs in the United States have been performed, and no standard definition within the imaging community exists for assessing clinical impact. The single published report, 13 based on a small cohort (n = 170) of only outpatient TTEs, showed an overall rate of clinical impact qualitatively similar to our study (39%). Also, when appropriate vs Clinical impact for all, inappropriate, and appropriate transthoracic echocardiograms (TTEs). 14 inappropriate TTEs were compared, no statistically significant difference in active change in management was found, similar to our observations. The sole large study 10 (n = 917) to address this question was performed in Italy and had quite different results. Clinical impact was similarly defined as a change in diagnostic management, therapeutic decision, or follow-up planning owing to the TTE result. In that study, 10 overall clinical impact (76%) was significantly higher than in the previously reported American study or our study, suggesting that potential differences between US and Italian health care practice patterns, rates of referral to TTE, and reimbursement may lead to differences in TTE use and impact of that use. In the Italian study, appropriate or uncertain TTEs were significantly more likely to result in changes in clinical care compared with inappropriate TTEs (87% vs 14% [P < .001]). The potential for differences in accessibility and reimbursement affecting TTE use can also be demonstrated within the US system by comparing the use of TTEs between Medicare and the US Veterans Affairs health care system. From 1999 through 2008, use of TTE increased by 90% among Medicare beneficiaries compared with a 4% increase within the Veterans Affairs health care system during the same period (2000-2007) ( Figure 3) . 1, 14 The increase in use of TTE in the Medicare population may result from significant variations in physician testing thresholds, ease of access to TTEs, patient demographics, and potential differences in financial incentives associated with increased diagnostic testing. 4, 15 Repeated testing or lack of access to prior TTEs performed at another site may contribute to the differences seen as well because TTE reports in the Veterans Affairs population are accessible through the EMR. However, in our cohort, we found no significant difference in clinical impact between those patients with prior TTEs and those with first-time TTEs. Several reasons explain why the AUC guidelines may not improve rational use of imaging services. The method developed by the RAND Corporation and the University of California, Los Angeles (RAND/UCLA method) 11 requires that a working group review the literature and develop a list of clinical indications to be rated. A standardized literature review is then performed for each indication, and evidence tables are formed when significant evidence is available for a specific indication, recognizing that many imaging studies are observational cohort studies and may have inherent bias and that many indications may have no available evidence. These indications are then presented to an expert panel, who rate the appropriateness of each indication individually and then again after discussion with the entire panel on a scale of 1 to 9 based on the availability of published evidence, American College of Cardiology Foundation/American Heart Association clinical practice guideline recommendations, and, when published evidence or guideline recommendations are lacking, clinical experience. Ratings are tabulated and a final appropriateness score is assigned. Each indication is classified into one of the following 3 AUC categories: appropriate, inappropriate, or uncertain. 11 Because the writing group and technical panel mainly consisted of physicians who specialize in imaging, including many experts in echocardiography, the consensus ratings will likely represent current clinical thinking of imagers and less likely challenge current TTE ordering practices and therefore allow for liberal use of echocardiography. Another difficulty is applying the RAND/UCLA method to a diagnostic testing modality, such as TTE instead of a therapeutic modality for which the RAND process was developed. A diagnostic test, unlike a therapeutic intervention, may be appropriate in that it can detect a certain disease process but not necessary because the clinical data without the test results may provide enough of the needed information to deliver high-quality care.
Other processes of consensus decision making have tried to incorporate a consensus opinion of "necessary" into the categorization of AUC and may need to be considered to improve AUC for TTE. 16 Patient selection is a central aspect of quality in cardiac imaging. 17 For cardiac imaging to be used most effectively, the test must be applied to the proper patient subset and at the optimal time, and the results of the test must be actionable. Recent data suggest that many Medicare beneficiaries undergo routine annual TTEs without proven evidence of benefit. 4 In our study, 114 TTEs in 1 month led to no change in care, which equates to more than 1300 TTEs on an annual basis. If our findings are corroborated in other settings and centers, 21% (or $230 million) of the $1.1 billion of Medicare expenditure on echocardiography could have been saved if these TTEs had not been performed. Better metrics for identifying patients or scenarios when TTE is likely to result in no change in care must be developed. One striking finding in our study is the high proportion of TTEs that resulted in continuation of current care. In our study, 108 TTEs documented direct patient or physician communication about the TTE result, an important patient-centric use of TTE. Studies evaluating the role of patient communication and reassurance in patient satisfaction and medical resource utilization have been conflicting [18] [19] [20] [21] [22] [23] ; however, future research on understanding the role of diagnostic testing in patient-centered care may be a source for improved clinical impact and utility of echocardiography. Similarly, little research has been performed on the role of guideline-based TTE recommendations in patients already receiving evidence-based medicine for heart failure after myocardial infarction, another potential area for assessing necessity of testing in these subgroups rather than focusing on appropriateness.
We observed significant heterogeneity in clinical impact among common appropriate TTE indications. If validated in other studies, these findings suggest that policies targeting common indications that are currently judged appropriate but have minimal impact may help to curb TTE overuse. For example, initial evaluation of reasonably suspected valvular or structural heart disease (AUC 34) and serial reevaluations in a patient undergoing therapy with cardiotoxic agents (AUC 91) were among the most common appropriate TTE indications but resulted in an active change in care in fewer than 15% of studies. Alternative strategies, including performance of limited echocardiography or screening with plasma biomarkers, such as sensitive troponin and natriuretic peptide levels, may help to improve efficiency of TTE screening for these indications.
Our study has several limitations. This study is retrospective and relies on EMR review, which may have led to misclassification of impact owing to incomplete documentation. Ac-tive change was assigned if an action was taken because of the TTE, with no consideration of whether the change was clinically indicated. Therefore, active change in care in our study may not indicate better care and may overestimate meaningful changes in care. In exploratory analysis, only 18.9% of all TTEs were very useful or useful in influencing patient care, suggesting that meaningful clinical impact may be even smaller than the overall clinical impact noted in our study (Supplement [eTable]). The inability to assess patient satisfaction limits our ability to further characterize the effect of TTEs on patient-centered care. The performance of this study in a US tertiary care academic medical center may limit its generalizability to other practice settings, especially those outside the United States or in private practice settings. Differences may exist in adherence to AUC by region, practice type, practice size, clinician experience, and payer mix that cannot be captured by this single-center study. The low prevalence of inappropriate TTEs limits the statistical power to detect a difference in the clinical impact between appropriate and inappropriate TTEs; however, the low overall clinical impact of TTEs in the large subgroup with appropriate TTE indications and the low prevalence of inappropriate TTEs suggests that AUC may not be effective in limiting the use of TTE, and improvements in the clinical impact of TTE are needed.
Conclusions
Although almost all TTEs were appropriate by the 2011 AUC, only 1 in 3 resulted in an active change in care and approximately 1 in 5 resulted in no change in care. The discrepancy between appropriateness and clinical impact is striking and suggests that the AUC as currently implemented are unlikely to facilitate optimal use of TTE. Given the importance of responsible use of limited medical resources and the need to control increasing health care costs, additional research into the necessity of TTE in the process of medical care is needed and will require collaboration among hospitals, administrators, politicians, economists, the government, and patients. Prior attempts to decrease reimbursement for TTE to contain its use have not been successful because, despite cuts in reimbursements, TTE volume has continued to increase. Methods to increase incentives for definitive and patient-centered evaluation and management service in which physician time for communication of the treatment plan and expectations of care is valued may decrease the overuse of diagnostic testing. Educational programs within medical school and post-medical school training about the cost and utility of testing in the daily care of patients and professional society endorsement and commitment to programs such as "Choose Wisely" 24 may increase patient and physician awareness and increase our commitment to be stewards of our health care resources. Promising areas of inquiry include the potential impact of incorporating necessity into the appropriateness framework, the potential effect of differences in reimbursement or accessibility on the use of TTE overall, and on the relationship between TTE appropriateness and clinical impact. In addition, quantifying the effect of TTE-based reassurance on patient-centered outcomes and specifically examining whether alternate strategies that do not involve TTE may provide similar benefit to the patient at reduced resource cost may offer the greatest potential to decrease overuse while maintaining high-quality care. 
